. Gels contained 2 % Ampholine (pH 4-6, LKB) and 8 M urea. The anolyte and catholyte were 10 mat phosphoric acid and 20 mM NaOH, respectively. Samples were applied on the cathodic side of the gel and were focused at 100 V for 1 h then at a constant voltage of 200 V until the end of the run (5 h total time). Focused gels were stained in a solution containing 0.1 % Coomassie brilliant blue, 10% trichloroacetic acid, 3%. sulfosalicylic acid and 25 % methanol (v/v) and destained in ethanolacetic acid-water (3 : 1 : 6).
Antiserum Preparation-Antiserum against purified eu-actinin was raised in a goat by multiple subcutaneous injections of 5 mg of eu-actinin ad mixed with Freund's complete adjuvant. Monthly booster injections (2 mg each) were administered over 6 months.
Specific antibody to eu-actinin was obtained by the use of Sepharose 4B-euactinin absorbant.
Immunological Techniques-Ouchterloney's double immunodiffusion test (23) was carried out on I % agarose plates. Plates were developed for 24 h at 4?C. Precipitin lines were stained with 0.1 % Amido Black 10B after washing off unreacted materials with distilled water and 0.9% NaCI. Fluorescein isothiocyanate (FITC, BBL, Baltimore) was conjugated to the antibody by the method of Kawamura (24) . FITC-conjugated antibody with a fluorescein-to-immunoglobulin molar ratio of 1.0-1.3 was used for the immunofluorescence mi croscopy.
Glycerinated muscle fibers were pre pared according to Hanson and Huxley (25) at the resting length. Glycerinated muscle fibers were homogenized in a phosphate-buffered saline (PBS) containing 0.15 at NaCl and 10 mm sodium phosphate (pH 7.0). The dispersion of myofibrils was checked under a phase microscope.
The dispersed myo fibrils were stained with the FITC-conjugated antibody on a slide glass for microscopy at room temperature for 30 min. Excess FITC-conjugated antibody was removed by perfusing PBS from one edge of the cover-slip to the other. ously equilibrated with buffer A was loaded and elution was carried out with a linear 0.1-0.5 M NaCI gradient in a total volume of 500 ml of the buffer solution (Fig. 3) . The fractions eluted around 0.40 M NaCI were combined and used as a purified preparation of eu-actinin. Figure 4 shows the SDS-polyacrylamide gel electrophoresis patterns of crude and purified eu-actinin.
The yields of eu-actinin from different preparations are summarized in Table I . From 100 g of chicken breast muscle, 5-10 mg of purified eu-actinin was obtained by the procedure described above.
Physico-Chemical Properties of Eu-ActininAs was indicated previously (11, 12) , the poly peptide molecular weight of eu-actinin measured by SDS-polyacrylamide gel electrophoresis is quite similar to that of actin. The value was estimated to be 42,000 dalton (Fig. 5) . Isoelectric focusing analysis of eu-actinin and actin, however, showed a significant difference between these two proteins despite the similar chain molecular weight (Fig. 6) . The isoelectric point of eu-actinin measured by polyacrylamide gel isoelectric focusing in the presence of 8 M urea was pH 4.60, while the isoelectric point of actin was pH 4.85.
The amino acid composition of eu-actinin is compared with that of skeletal muscle actin in Table II . The proline and cysteine contents of eu-actinin were smaller than those of actin. The cysteine content of eu-actinin as determined by the p-CMB titration method (28) was three residues per 42,000 g of the protein, i.e., smaller by two residues per molecule than that of actin. The number of lysine and serine residues were ap preciably larger in eu-actinin than in actin. As was shown above, the isoelectric point of euactinin was more acidic than that of actin, but (29, 30) . Cysteine content was determined by p-CMB titration (28) . Total number of amino acids was standardized at 1,000 residues. the numbers of acidic amino acid residues (asparagic acid and glutamic acid) found in the acid hydrolysates were almost the same for these two proteins.
Acid hydrolysis of proteins converts asparagine and glutamine to their acid forms, so native eu-actinin presumably contains a smaller number of glutamine and/or asparagine residues than actin.
Eu-actinin had an ultraviolet absorption maxi mum at 278 nm. One unit of absorption at 280 run (light path, 1 cm) corresponded to 1.18 mg/ml of protein as determined by means of the biuret reaction.
As judged from the ultraviolet absorp tion spectra of deproteinized solution of crude (pH 6.5 extract) and purified eu-actinin, eu-actinin did not contain any bound nucleotides.
The molecular weight of eu-actinin under aqueous conditions was determined by analytical gel filtration on Sepharose 4B. Plots of the logarithm of molecular weight against elution constant, Kav (31), gave a straight line (Fig. 7) , where Kav=(Ve-V0)/(Vt-Vo).
Ve is the elution volume, and Vt and Vo are the total volume and void volume of the column, respectively. Euactinin was eluted at Kay 0.52 and its molecular weight in the presence of 10 mm Tris-HCI, pH 8.0, was estimated to be 85,000 daltons (Fig. 7) . Aldolase (Mw, 158,000), creatine kinase (Mw, 82,600), bovine serum albumin (Mw, 68,000), and ovalbumin (Mw, 45,000) were used as standards. shown that eu-actinin was removed when the myofibrils were treated with the Ca-activated neutral protease (CANP). It appears that CANP digests the Z-line and M-line constituents rather selectively (37, 38) . Chicken glycerinated myo fibrils were suspended in 0.1 at NaCl, 5 mat CaCl2, and 10 mm Tris-HCl (pH 7.0). A small amount of CANP solution (1.0 mg/ml) was perfused under a coverslip. Disappearance of the Z-line was confirmed under a phase microscope.
The solu tion was replaced with PBS and the CANP-treated myofibrils were subsequently stained with FITCconjugated AEA. The CANP-treated myofibrils did not show fluorescence over the background level (Fig. 11 b) . Eu-actinin was shown to be very sensitive to proteolytic enzymes including CANP (Kuroda, M., unpublished observation). On the other hand, eu-actinin was not extracted with a 0.6 M KI solution consisting of 0.6 M KI, 10 mm sodium thiosulfate, 1 mm DTT, and 10 mm Tris-HCI, pH 7.0 (Fig. 11c) .
Experiments using the immunofluorescent antibody technique revealed that FITC-conjugated AEA stained the Z-lines of chicken cardiac and rabbit skeletal muscle (Fig. 11 d, e ). It appears that eu-actinin is an ubiquitous structural con stituent of the Z-line of striated muscles.
Interactions of Eu-Actinin with Actin, a-Actinin, and Tropomyosin-The interaction of eu-actinin with actin was examined by flow birefringence and affinity column techniques. The effect of euactinin on the polymerization of G-actin was measured with a flow birefringence apparatus at room temperature. G-actin (0.30 mg/ml) was polymerized by the addition of KCl in the presence of various amount of eu-actinin.
Eu-actinin was shown to accelerate the G-F transformation. Normally, the polymerization of G-actin is slow and incomplete when it is polymerized by the addition of 30 mm KCl, a salt concentration which is much less than the optimum for polymerization (40) . As shown clearly in Fig. 12 , however, the addition of eu-actinin induced a rapid and com plete polymerization of G-actin in a solvent con taining 30 mm KCl. The addition of 1 % euactinin to actin by weight is sufficient to induce complete polymerization of added G-actin. As the amount of added eu-actinin was increased, the rate of polymerization of G-actin became faster. When G-actin was polymerized in the presence of 10 % eu-actinin with 30 mm KCl, the rate of polymerization was more rapid than that of control actin which was polymerized by the addition of the optimum concentration of KCl (100 mM KCl) for the G-F transformation.
The acceleration effect of eu-actinin on the rate of polymerization was also detected when the poly merization was initiated by 100 mm KCl, although the apparent acceleration of the rate was rather small when compared with that under low-salt conditions. Oosawa and his colleagues have shown that the G-F transformation is a kind of condensation phenomenon, and that the formation of nuclei consisting of three to four monomer (nucleation) is the rate-limiting step of the reaction (for reviews, see 41, 42) . The rate of polymerization of Gactin is determined by the concentration of nuclei present in the original solution.
In terms of the fibrous condensation theory of actin polymeriza tion, it is very likely that eu-actinin provides a site for the nucleation of actin and facilitates nuclei formation even at low KCl concentrations. When the observation that eu-actinin forms stable dieters is taken into consideration, it is possible that a complex of eu-actinin dimer and actin monomer serves as a kind of pseudo-nucleus or seed for the polymerization of actin. This seeding ability of eu-actinin for G-F transformation strongly suggests that eu-actinin binds at the ends of actin filaments.
The interaction of eu-actinin with F-actin was also demonstrated by the use of a eu-actininSepharose 4B absorbant.
The absorbant was the same as that described in the previous section. About two milliliters of Sepharose-eu-actinin absorbant, containing 3 mg of immobilized eu-ac tinin, was charged on a column and equilibrated with the column buffer containing 0.1 M KCl and 10 mM Tris-HCl, pH 7.0. F-actin (1 mg/ml x 2 ml) was equilibrated with the column buffer by dialysis and applied to the affinity column.
Subunits of F-actin were previously crosslinked with 0.2% glutaldehyde (39) to avoid depolymerization during the elution procedure.
The affinity column was washed with 20-30 ml of the column buffer. Elu tion of bound proteins from the column was achieved in a stepwise manner with 10 ml of 2 st and 4 M guanidine hydrochloride.
The protein retained on the affinity column after washing but eluted with high concentrations of guanidine hydrochloride was judged to bind the ligand protein (eu-actinin).
Fractions eluted with 2 M and 4 M guanidine hydrochloride were collected. After dialysis against distilled water, each eluate was concentrated by lyophilization.
The protein composition of the eluate was analyzed by SDSpolyacrylamide gel electrophoresis (Fig. 13B) . As judged from the electrophoresis patterns, cross linking of actin subunits with glutaldehyde was incomplete; monomer and some oligomers of actin were detected, although the main part of the crosslinked F-actin remained at the top of the stacking gel. This observation suggested that not only actin filament but also actin monomer and oligomers bind to eu-actinin.
The binding of eu-actinin to a-actinin and tropomyosin was examined by the methods de- 
